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Bismuth ferrite BiFeO3 (BFO) is one of the multiferroic materials that has high 
ferroelectric behavior and weak magnetic orders. The intrinsic coupling between the 
electric polarization and magnetic moments makes BFO potential material for 
advanced technological applications in different fields. The crystal structure plays very 
crucial role towards electric and magnetic properties of the nanoparticles.  
Determination and synthesis of the nanoparticles with specific phase is very important 
for specific applications.  Substitution or doping of ferrites with other metal ions allows 
variations in their electric and magnetic properties which can be optimized for 
particular applications. Therefore, this research focuses on the synthesis and 
characterization of BFO nanoparticles with sillenite phase by sol gel auto combustion 
route. BFO is doped with cobalt, nickel, and magnesium to explore the role of dopants, 
concentration of dopants and annealing temperature especially for structural (phase) 
and electro-magnetic characteristics. Three different doping elements i.e. cobalt, 
nickel, and magnesium are used to study the role of dopants inside the BFO                  
Bi1-xCoxFeO3, Bi1-xNixFeO3, and Bi1-xMgxFeO3 for five different concentrations 5%, 
10%, 15%, 20% and 25% in context of structural and electro-magnetic characteristics. 
Structural and electro-magnetic characteristics of synthesized doped BFO 
nanoparticles are investigated using X-ray diffraction (XRD), field emission scanning 
electron microscopy (FESEM), vibrating sample magnetometer (VSM) and energy 
dispersive X-ray (EDX). Results show that, the annealing temperature plays a crucial 
role towards the phase formation and crystallinity of BFO.  At lower annealing 
temperature 400°C, all BFO nanoparticles possessed R3c rhombohedral phase with 
poor crystal structure. However, as the annealing temperature is increased, significant 
increase in the growth of sillenite phase is observed. Dopants such as Co, Mg, and Ni 
significantly improve the crystal structure, particle size and electro-magnetic 
characteristics of BFO. Cobalt-doped BFO nanoparticles have shown good 
ferromagnetic behaviour with high remnant magnetization and coercivity. Ni and Mg-
doped BFO possess, super paramagnetic structure with low remnant magnetization and 
coercivity. Dopants significantly reduce the particle size of the host BFO. The increase 
in dopant concentration in BFO nanoparticle considerably promotes the formation of 
sillenite phase. Highly crystalline sillenite phase for BFO nanoparticle is obtained for 















Bismut ferit BiFeO3 (BFO) adalah salah satu bahan multiferoik yang memiliki sifat 
feroelektrik yang tinggi dan susunan magnet yang lemah. Gandingan intrinsik antara 
kekutuban elektrik dengan momen magnet menjadikan BFO bahan berpotensi untuk 
aplikasi teknologi maju dalam bidang yang berbeza. Struktur hablur memainkan 
peranan penting terhadap sifat elektrik dan magnet nanozarah. Penentuan dan sintesis 
nanozarah dengan fasa tertentu penting untuk aplikasi tertentu.  Penggantian atau 
pengedopan ferit dengan ion logam lain membolehkan variasi dalam sifat elektrik dan 
magnet yang boleh dioptimumkan untuk aplikasi tertentu. Oleh itu, kajian ini memberi 
tumpuan kepada sintesis dan pencirian nanozarah BFO dengan fasa sillenit oleh laluan 
sol gel pembakaran auto. BFO di dip dengan kobalt, nikel, dan magnesium untuk 
meneroka peranan dopan, kepekatan dopan dan suhu penyepuh lindapan terutamanya 
untuk ciri struktur (fasa) dan elektro-magnet. Tiga elemen pengedopan yang berbeza 
yakni kobalt, nikel, dan magnesium digunakan untuk mengkaji peranan dopan dalam 
BFO Bi1-xCoxFeO3, Bi1-xNixFeO3, dan Bi1-xMgxFeO3 untuk lima kepekatan yang 
berbeza 5%, 10%, 15%, 20% dan 25% dalam konteks ciri struktur dan elektro-magnet. 
Sifat struktur dan elektro-magnet bagi nanozarah BFO terdop yang disintesis disiasat 
menggunakan pembelauan sinar-X (XRD), mikroskopi imbasan elektron pancaran 
medan (FESEM), magnetometer sampel bergetar (VSM) dan sinar-X sebaran tenaga 
(EDX). Keputusan menunjukkan bahawa, suhu penyepuh lindapan memainkan 
peranan penting terhadap pembentukan fasa dan penghabluran BFO. Pada suhu 
penyepuh lindapan yang lebih rendah 400°C, semua nanozarah BFO mempunyai fasa 
rombohedral R3c dengan struktur hablur yang lemah. Walau bagaimanapun, apabila 
suhu penyepuh lindapan meningkat, peningkatan ketara pertumbuhan fasa sillenit 
diperhatikan. Dopan seperti Co, Mg, dan Ni secara ketara meningkatkan struktur 
hablur, saiz zarah dan ciri elektro-magnet bahan BFO. Nanozarah BFO terdop kobalt 
telah menunjukkan sifat feromagnet yang baik dengan kemagnetan baki dan koersiviti 
yang tinggi. BFO terdop Ni dan Mg mempunyai struktur super paramagnet dengan 
kemagnetan baki dan koersiviti yang rendah. Dopan dengan ketara mengurangkan saiz 
zarah BFO. Peningkatan kepekatan dopan dalam nanozarah BFO sangat 
menggalakkan pembentukan fasa sillenit. Fasa sillenit hablur yang tinggi untuk 
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BFO - Bismuth Ferrite 
BFCO - Co-doped Bismuth Ferrite 
BFMO - Mg-doped Bismuth Ferrite 
BFNO - Ni-doped Bismuth Ferrite 
EDX - Energy dispersive X-ray 





Full width half maximum 
Rhodamine B 
TGA-DSC - Thermogravimetry Analysis-Differential Scanning 
Calometry 
VSM - Vibrating sample magnetometer 


































µB - Magnetic moment 
Å - Angstrom 
a - Lattice constant 
°C - Degree Celsius 
d - Interplanar spacing 







M - Magnetization 
Mr - Retentivity / remanence magnetization 
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Ferrites, the ceramic like materials with unique electric and magnetic 
characteristics are iron oxide with one or more other metals such as manganese, cobalt, 
barium, nickel, magnesium, aluminium, and iron itself in chemical mixture (Evans et 
al., 2016). They are brittle, hard and polycrystalline consisting of a large number of 
minor crystals. In common practice, a ferrite is defined by M(FexOy), where M 
symbolizes a metal which established divalent bonds, such as nickel ferrite and 
manganese ferrite NiFe2O4 and MnFe2O4. Ferrites possess a certain behavior of 
magnetism named as ferrimagnetism, which is different as compared to the form of 
ferromagnetism possess by metals such as cobalt, nickel, and iron (Boudouris, 2016). 
Therefore, the magnetic moments of constituent atoms for ferrite materials line up in 
two or different orientations. Thus, partial cancellation of the magnetic moment left a 
net magnetic field on ferrites which is less strong as compared to ferromagnetic 
material. This asymmetry in atomic orientations is due to existence of two or more 
different types of metal ions which leads to net magnetism in a peculiar crystalline 
structure (Chandamma et al., 2017). Ferrites can possess different type of crystalline 
structures as spinel, garnet, perovskite, and hexagonal. The most significant 
characteristics of ferrites are high magnetic permeability and electrical resistance 
which makes them suitable materials for the memory cores of digital devices, where 






Multiferroics exhibit ferroelectricity and ferromagnetism simultaneously, 
which have attracted much interest owing to the ability to change the magnetic states 
by applying an E-field through magnetoelectric (ME) coupling (Dong et al., 2015). 
Ferroelectric material is generally categorized as pyroelectric. However, not all the 
pyroelectric materials exhibit ferroelectric behavior. Below the Curie temperature (the 
transition temperature of ferroelectric material),  pyroelectric and ferroelectric 
materials tend to possess spontaneous polarization or electric dipole moment. This 
polarization can be manipulated or reoriented through the presence or absence of 
electric field. The reversal of this orientation of dipole moment is called ‘switching’. 
For non-polar material, above the Curie temperature, is the paraelectric phase. The 
high magnitude of the spontaneous polarization is obtained below the Curie 
temperature (Ye et al., 2015). Ferromagnetic materials are used in a variety of 
applications such as capacitors, storage media devices, transducers, magnetic tape 
recording, transformers, sensors, photocatalytic activity, etc. All these applications are 
operated in ultra-low power consumption devices by manipulating the spin of electron 
using external electric field (Liu and Sun, 2014).  Ferromagnetic materials are doped 




Bismuth ferrite BiFeO3 (BFO) is one of the promising multiferroic materials 
due to its high ferroelectric behavior (below Tc ~ 830 ºC) and weak magnetic orders 
(below TN ~ 370 ºC) (Li et al., 2007).  It possesses a distorted structure of R3c 
rhombohedral perovskite and the unit cell has a hexagonal symmetry.  Moreover, at 
room temperature, the BFO possesses behavior of antiferromagnetic with G-type spin 
formation along the pseudocubic [111]c or rhombohedral [001]h direction and having 
an overlaid unequal cycloid spin structure with a periodicity of 620 Å along the [110]h 
axis. Thus, parting a remaining moments from canted spin structures leads to weak 
magnetic properties (Lama et al., 2009).  BFO has potential to play a promising role 
in next-generation memory devices, photocatalytic activities, semiconductor sensors, 
etc, due to the intrinsic coupling between the electric polarization and magnetic 






1.2 Problems Statement 
 
 
The advancement in field of nanotechnology from nano-particle preparation to 
device fabrication evoke on account of the development of nano-science (Wu et al., 
2015b). Nanoparticulate ferrites carry huge potential for advanced applications in 
different fields. The use of these nano-materials require fine control over the size 
distribution (Zhang and Zhao, 2017). Various synthetic routes such as hydrothermal, 
co-precipitation, electrochemical, arc discharge plasma, and sol gel are used to 
synthesize nanoparticles (Hu et al., 2015). However, sol-gel is an attractive, cost 
effective and efficient route to synthesize bismuth ferrite due to the simple preparation 
without involving any sophisticated machines (Luo et al., 2015). This technique allows 
good control of the concentration of the precursor to effectively yield optimum results. 
 
 
Majority of investigations have been focused on the synthesis of BFO 
nanoparticle with pure or primary phase.  Secondary phase or other phases have 
received less attention. Bismuth ferrite nanoparticles have hexagonal phase which 
belong to R3c space group with formulation of BiFeO3.  But, it has rarely been reported 
the synthesis and analysis of other phases such as sillenite phase with I23 Cubic 
structure with formulation of Bi25FeO40. Determination of the nanoparticle phase is 
very important for specific application.  Substitution of ferrites with other metal ions 
allows variations in their electric and magnetic properties which can be optimized for 
specific applications. By controlling substituent ratio, the magnetic moment and 
coercivity of ferrite nanoparticles can be optimized. The substituents play key role on 
the structure, particle size, morphology, and magnetic properties. 
 
 
Therefore, this research focuses on the synthesis and characterization of 
bismuth ferrite nanoparticles with sillenite phase by sol gel auto combustion route. 
Bismuth ferrite are doped with cobalt, nickel, and magnesium to explore the role of 









1.3! Objectives of Research 
 
 
The main objective of this research is to synthesize and characterize bismuth ferrite 
nanoparticles with sillenite phase by introducing dopant as nickel, cobalt, and 
magnesium via sol gel auto combustion route. The specific objectives are: 
 
 
a. To synthesize doped bismuth ferrite (BFO) nanoparticles with sillenite phase via 
sol-gel auto combustion route. 
b. To investigate the effect of annealing temperature on phase formation. 
c. To investigate role of dopants on structural, phase and electro-magnetic 





1.4! Scope of Research 
 
 
 This research focuses on synthesizing the doped bismuth ferrite nanoparticles 
by using wet chemical deposition route such as sol gel auto combustion method. High 
purity nitrate salts such as bismuth nitrate and iron nitrate are used for the growth of 




Three different doping elements cobalt, nickel, and magnesium are used to 
study the role of dopants inside the bismuth ferrite based on the structural and electro-
magnetic characteristics. Five different doping concentrations of 5%, 10%, 15%, 20%, 
and 25% are used for each doping element.  The phase formation of the nanoparticle 
is studied for three different annealing temperatures of 400°C, 500°C, and 600°C. 
 
 
The structural and morphology analysis of the nanoparticle is conducted using 
x-ray diffraction spectroscopy (XRD) and Field emission scanning electron 
microscopy (FESEM) respectively. The electro-magnetic characteristics are studied 
using Vibrating sample magnetometer (VSM). The elemental composition 
confirmation is determined using Energy Dispersive X-ray (EDX) spectroscopy. 
5 
 
1.5 Significance of Study 
 
 
  The present study significantly contributes to provide better understanding 
about the role of dopants and annealing temperature towards the phase formation of 
BFO structure. Understanding of dopant concentration ratio would help to fabricate 
the nano-particles with optimized characteristics for specific applications. This study 
will provide a baseline for choosing the suitable dopant element for specific 





1.6 Thesis Outline 
 
 
 The thesis is organized as follows. Chapter 1 gives an overview of the thesis. 
Chapter 2 gives a critical analysis on the research involving bismuth ferrite from the 
experimental perspectives. Chapter 3 describes the detail methodology of preparing, 
synthesis and characterization of the doped BFO nanoparticles under different 
experimental conditions. Chapter 4 discusses on the results and analysis based on the 


































Afzal, A., Umair, M., Dastgeer, G., Rizwan, M., Yaqoob, M., Rashid, R. & Munir, H. 
2016. Effect of O-vacancies on magnetic properties of bismuth ferrite 
nanoparticles by solution evaporation method. Journal of Magnetism and 
Magnetic Materials, 399, 77-80. 
Ahlawat, A., Satapathy, S., Choudhary, R., Singh, M. & Gupta, P. 2016. Observation 
of magnetoelectric coupling in BiFeO3-(Pb (Mg1/3Nb2/3) O3-PbTiO3) 
composites. Materials Letters, 181, 123-126. 
Ahmad, M., Abdullah, H. & Yuliarto, B. 2018. Effect of nickel in TiO 2-SiO 2-GO-
based DSSC by using a sol-gel method. Ionics, 1-10. 
Albino, G. M., Perales-Pérez, O., Renteria, B., Galvez, M. & Guinel, M. J. 2011. 
Tuning of Magnetic Properties in Cobalt-Doped Nanocrystalline Bismuth 
Ferrite. MRS Online Proceedings Library Archive, 1368. 
Aldar, B., Pinjari, R. & Burange, N. 2014. Electric and Dielectric behavior of Ni-Co-
Cd Ferrite. IOSR Journal of Applied Physics, 6, 23-26. 
Arenas, D., Middleton, C. & Kemper, A. 2015. First-principles study of the phonon 
modes in bismuth sillenites. Physical Review B, 91, 144103. 
Baji, A., Mai, Y.-W., Li, Q., Wong, S.-C., Liu, Y. & Yao, Q. 2011. One-dimensional 
multiferroic bismuth ferrite fibers obtained by electrospinning techniques. 
Nanotechnology, 22, 235702. 
Belik, A. A., Matsushita, Y., Tanaka, M. & Takayama-Muromachi, E. 2011. Low-
Temperature Vacuum Reduction of BiMnO3. Inorganic chemistry, 50, 7685-
7689. 
Boudouris, R. 2016. Cleaning implement with magnetic or magnetic receptive regions 
and cleaning wipes for use therewith. Google Patents. 
Brahmi, M., Amami, M. & Hassen, R. B. 2016. Enhancement in Magnetic Properties 
of Mg-Doped Strontium-Substituted Bismuth Ferrite Prepared by Solid-State 
89 
 
and Sol-Gel Methods. Journal of Superconductivity and Novel Magnetism, 29, 
2359-2365. 
Branković, Z., Stanojević, Z. M., Mančić, L., Vukotić, V., Bernik, S. & Branković, G. 
2010. Multiferroic bismuth manganite prepared by mechanochemical 
synthesis. Journal of the European Ceramic Society, 30, 277-281. 
Cao, C., Yan, J., Zhang, Y. & Zhao, L. 2016. Stability of titania nanotube arrays in 
aqueous environment and the related factors. Scientific reports, 6, 23065. 
Chandamma, N., Manohara, B., Ujjinappa, B., Shankarmurthy, G. & Kumar, M. S. 
2017. Structural and electrical properties of Zinc doped Nickel ferrites 
nanoparticles prepared via facile combustion technique. Journal of Alloys and 
Compounds, 702, 479-488. 
Chang, L.-Y., Tu, C.-S., Chen, P.-Y., Chen, C.-S., Schmidt, V., Wei, H.-H., Huang, 
D.-J. & Chan, T.-S. 2016. Raman vibrations and photovoltaic conversion in 
rare earth doped (Bi0. 93RE0. 07) FeO3 (RE= Dy, Gd, Eu, Sm) ceramics. 
Ceramics International, 42, 834-842. 
Chao, X., Wang, J., Liang, P., Zhang, T., Wei, L. & Yang, Z. 2016. Phase transition 
and improved electrical performance of Ba 0.85 Ca 0.15 Zr 0.1 Ti 0.9 O 3–Ca 
0.28 Ba 0.72 Nb 2 O 6 ceramics with high Curie temperature. Materials & 
Design, 89, 465-469. 
Chen, P., Xu, X., Koenigsmann, C., Santulli, A. C., Wong, S. S. & Musfeldt, J. L. 
2010. Size-dependent infrared phonon modes and ferroelectric phase transition 
in BiFeO3 nanoparticles. Nano letters, 10, 4526-4532. 
Costa, L., Deus, R., Foschini, C., Longo, E., Cilense, M. & Simoes, A. 2014. 
Experimental evidence of enhanced ferroelectricity in Ca doped BiFeO3. 
Materials Chemistry and Physics, 144, 476-483. 
Dabagh, S., Ati, A. A., Rosnan, R., Zare, S. & Othaman, Z. 2015. Effect of Cu–Al 
substitution on the structural and magnetic properties of Co ferrites. Materials 
Science in Semiconductor Processing, 33, 1-8. 
De Oliveira, I., Capovilla, D. A., Moura, A. L., Timóteo, V. S., Carvalho, J. F. & 
Frejlich, J. 2017. Nonlinear photovoltaic effect in Sillenite photorefractive 
crystals. Optical Materials, 66, 72-78. 
Dong, S. & Liu, J.-M. 2012. Recent progress of multiferroic perovskite manganites. 
Modern Physics Letters B, 26, 1230004. 
90 
 
Dong, S., Liu, J.-M., Cheong, S.-W. & Ren, Z. 2015. Multiferroic materials and 
magnetoelectric physics: symmetry, entanglement, excitation, and topology. 
Advances in Physics, 64, 519-626. 
Dualeh, A., Tétreault, N., Moehl, T., Gao, P., Nazeeruddin, M. K. & Grätzel, M. 2014. 
Effect of annealing temperature on film morphology of organic–inorganic 
hybrid pervoskite solid-state solar cells. Advanced Functional Materials, 24, 
3250-3258. 
Eggeman, A. S., Sundaresan, A., Rao, C. & Midgley, P. A. 2011. The structure of two 
new non-centrosymmetric phases of oxygen deficient bismuth manganite. 
Journal of Materials Chemistry, 21, 15417-15421. 
Essin, A. M., Turner, A. M., Moore, J. E. & Vanderbilt, D. 2010. Orbital 
magnetoelectric coupling in band insulators. Physical Review B, 81, 205104. 
Estelrich, J., Escribano, E., Queralt, J. & Busquets, M. A. 2015. Iron oxide 
nanoparticles for magnetically-guided and magnetically-responsive drug 
delivery. International journal of molecular sciences, 16, 8070-8101. 
Evans, O. R., Rhine, W. E., Nebo, J. F. & Abeles Jr, J. C. 2016. Aerogel compositions 
with enhanced performance. Google Patents. 
Filippousi, M., Angelakeris, M., Katsikini, M., Paloura, E., Efthimiopoulos, I., Wang, 
Y., Zamboulis, D. & Van Tendeloo, G. 2014. Surfactant effects on the 
structural and magnetic properties of iron oxide nanoparticles. The Journal of 
Physical Chemistry C, 118, 16209-16217. 
Fu, P. P., Xia, Q., Hwang, H.-M., Ray, P. C. & Yu, H. 2014. Mechanisms of 
nanotoxicity: generation of reactive oxygen species. Journal of food and drug 
analysis, 22, 64-75. 
Gan, L., Heggen, M., Cui, C. & Strasser, P. 2015. Thermal facet healing of concave 
octahedral Pt–Ni nanoparticles imaged in situ at the atomic scale: implications 
for the rational synthesis of durable high-performance ORR electrocatalysts. 
ACS catalysis, 6, 692-695. 
Glavic, A., Becher, C., Voigt, J., Schierle, E., Weschke, E., Fiebig, M. & Brückel, T. 
2013. Stability of spin-driven ferroelectricity in the thin-film limit: Coupling 
of magnetic and electric order in multiferroic TbMnO 3 films. Physical Review 
B, 88, 054401. 
91 
 
Gómez, J. M., García, G. S., Palacio, C. & Vargas, C. P. Production and structural and 
magnetic characterization of a Bi1-xYxFeO3 (x= 0, 0.25 and 0.30) system.  
Journal of Physics: Conference Series, 2015. IOP Publishing, 012003. 
Gore, S. K., Mane, R. S., Naushad, M., Jadhav, S. S., Zate, M. K., Alothman, Z. & 
Hui, B. K. 2015. Influence of Bi 3+-doping on the magnetic and Mössbauer 
properties of spinel cobalt ferrite. Dalton Transactions, 44, 6384-6390. 
He, J., Guo, R., Fang, L., Dong, W., Zheng, F. & Shen, M. 2013. Characterization and 
visible light photocatalytic mechanism of size-controlled BiFeO3 
nanoparticles. Materials Research Bulletin, 48, 3017-3024. 
Hellman, F., Hoffmann, A., Tserkovnyak, Y., Beach, G. S., Fullerton, E. E., Leighton, 
C., Macdonald, A. H., Ralph, D. C., Arena, D. A. & Dürr, H. A. 2017. 
Interface-induced phenomena in magnetism. Reviews of modern physics, 89, 
025006. 
Hu, Z.-T., Lua, S. K. & Lim, T.-T. 2015. Cuboid-like Bi2Fe4O9/Ag with graphene-
wrapping tribrid composite with superior capability for environmental 
decontamination: nanoscaled material design and visible-light-driven 
multifunctional catalyst. ACS Sustainable Chemistry & Engineering, 3, 2726-
2736. 
Jafari, A., Shayesteh, S. F., Salouti, M. & Boustani, K. 2015. Effect of annealing 
temperature on magnetic phase transition in Fe3O4 nanoparticles. Journal of 
Magnetism and Magnetic Materials, 379, 305-312. 
Jaimy, K. B., Vidya, K., Saraswathy, H. U. N., Hebalkar, N. Y. & Warrier, K. 2015. 
Dopant-free anatase titanium dioxide as visible-light catalyst: facile sol–gel 
microwave approach. Journal of Environmental Chemical Engineering, 3, 
1277-1286. 
Jalil, A. 2017. Investigation of structural, magnetic and photocatalytic properties of 
Gd doped bismuth ferrite-reduced graphene oxide nanocomposites. 
Jalil, M., Chowdhury, S. S., Alam Sakib, M., Enamul Hoque Yousuf, S., Khan Ashik, 
E., Firoz, S. H. & Basith, M. 2017. Temperature-dependent phase transition 
and comparative investigation on enhanced magnetic and optical properties 
between sillenite and perovskite bismuth ferrite-rGO nanocomposites. Journal 
of Applied Physics, 122, 084902. 
92 
 
Jang, K.-J., Lee, H.-G., Lee, S., Ahn, J., Ahn, J. S., Hur, N. & Cheong, S.-W. 2010. 
Strong spin-lattice coupling in multiferroic hexagonal manganite YMnO 3 
probed by ultrafast optical spectroscopy. Applied Physics Letters, 97, 031914. 
Jangra, S., Sanghi, S., Agarwal, A., Rangi, M., Kaswan, K. & Khasa, S. 2017. 
Improved structural, dielectric and magnetic properties of Ca2+ and Nb5+ co-
substituted BiFeO3 multiferroics. Journal of Alloys and Compounds, 722, 606-
616. 
Jiles, D. 2015. Introduction to magnetism and magnetic materials, CRC press. 
Kakade, S. G., Ma, Y.-R., Devan, R. S., Kolekar, Y. D. & Ramana, C. V. 2016. 
Dielectric, Complex Impedance, and Electrical Transport Properties of Erbium 
(Er3+) Ion-Substituted Nanocrystalline, Cobalt-Rich Ferrite (Co1. 1Fe1. 9–x 
Er x O4). The Journal of Physical Chemistry C, 120, 5682-5693. 
Kang, Y.-Q., Cao, M.-S., Yuan, J. & Shi, X.-L. 2009. Microwave absorption properties 
of multiferroic BiFeO3 nanoparticles. Materials Letters, 63, 1344-1346. 
Kaur, B., Singh, L., Reddy, V. A., Jeong, D.-Y., Dabra, N. & Hundal, J. S. 2016. Study 
of A-site divalent doping on multiferroic properties of BFO nanoparticles 
processed via combustion method. J. Struct, 25, 28. 
Kefeni, K. K., Msagati, T. A. & Mamba, B. B. 2017. Ferrite nanoparticles: synthesis, 
characterisation and applications in electronic device. Materials Science and 
Engineering: B, 215, 37-55. 
Khan, U., Adeela, N., Javed, K., Riaz, S., Ali, H., Iqbal, M., Han, X. & Naseem, S. 
2015a. Influence of cobalt doping on structural and magnetic properties of 
BiFeO3 nanoparticles. Journal of Nanoparticle Research, 17, 429. 
Khan, U., Adeela, N., Javed, K., Riaz, S., Ali, H., Iqbal, M., Han, X. & Naseem, S. 
2015b. Influence of cobalt doping on structural and magnetic properties of 
BiFeO 3 nanoparticles. Journal of Nanoparticle Research, 17, 429. 
Khomchenko, V., Karpinsky, D., Kholkin, A., Sobolev, N., Kakazei, G., Araujo, J., 
Troyanchuk, I., Costa, B. & Paixao, J. 2010. Rhombohedral-to-orthorhombic 
transition and multiferroic properties of Dy-substituted BiFeO 3. Journal of 
Applied Physics, 108, 074109. 
Kiessling, L. L. & Doudna, J. A. 2018. Spotlight: A Conversation with Laura Kiessling 
and Jennifer Doudna. ACS Publications. 
Kim, J. K., Kim, S. S. & Kim, W.-J. 2005. Sol–gel synthesis and properties of 
multiferroic BiFeO3. Materials Letters, 59, 4006-4009. 
93 
 
Kleemann, W., Borisov, P., Bedanta, S. & Shvartsman, V. V. 2010. Multiferroic and 
magnetoelectric materials novel developments and perspectives. IEEE 
transactions on ultrasonics, ferroelectrics, and frequency control, 57. 
Köferstein, R., Buttlar, T. & Ebbinghaus, S. G. 2014. Investigations on Bi25FeO40 
powders synthesized by hydrothermal and combustion-like processes. Journal 
of Solid State Chemistry, 217, 50-56. 
Kotnala, R. & Shah, J. 2015. Ferrite Materials: Nano to Spintronics Regime. Handbook 
of Magnetic Materials. Elsevier. 
Kumagai, Y., Belik, A. A., Lilienblum, M., Leo, N., Fiebig, M. & Spaldin, N. A. 2012. 
Observation of persistent centrosymmetricity in the hexagonal manganite 
family. Physical Review B, 85, 174422. 
Kumar, N. S. & Kumar, K. V. 2015. Synthesis and Structural Properties of Bismuth 
Doped Cobalt Nanoferrites Prepared by Sol-Gel Combustion Method. World, 
5, 140-151. 
Kumar, P. & Kar, M. 2014. Tuning of net magnetic moment in BiFeO 3 multiferroics 
by co-substitution of Nd and Mn. Physica B: Condensed Matter, 448, 90-95. 
Kumar, P., Kumar, R. & Lee, H.-N. 2015. Magnetic field induced one-dimensional 
nano/micro structures growth on the surface of iron oxide thin film. Thin Solid 
Films, 592, 155-161. 
Kumar, Y., Tripathi, J., Tripathi, S., Kumar, D., Bisen, R., Ugochukwu, K. & Sharma, 
A. 2018. Influence of annealing on the structural and magnetic properties of Fe 
thin film Sandwiched between Au and Si. Vacuum. 
Lahmar, A. & Es-Souni, M. 2015. Sequence of structural transitions in BiFeO3–
RMnO3 thin films (R= Rare earth). Ceramics International, 41, 5721-5726. 
Lahmar, A., Zhao, K., Habouti, S., Dietze, M., Solterbeck, C.-H. & Es-Souni, M. 2011. 
Off-stoichiometry effects on BiFeO3 thin films. Solid State Ionics, 202, 1-5. 
Lalitha, G. & Reddy, P. V. 2010. Low temperature resistivity anomalies in bismuth 
doped manganites. Journal of Alloys and Compounds, 494, 476-482. 
Lama, P., Aijaz, A., Sanudo, E. C. & Bharadwaj, P. K. 2009. Synthesis, structure, and 
magnetic properties of cobalt (II) coordination polymers from a new tripodal 
carboxylate ligand: Weak ferromagnetism and metamagnetism. Crystal 
Growth & Design, 10, 283-290. 
94 
 
Lee, N., Yoo, D., Ling, D., Cho, M. H., Hyeon, T. & Cheon, J. 2015. Iron oxide based 
nanoparticles for multimodal imaging and magnetoresponsive therapy. 
Chemical Reviews, 115, 10637-10689. 
Lee, W.-S., Chuang, Y., Moore, R., Zhu, Y., Patthey, L., Trigo, M., Lu, D., 
Kirchmann, P., Krupin, O. & Yi, M. 2012. Phase fluctuations and the absence 
of topological defects in a photo-excited charge-ordered nickelate. Nature 
communications, 3, 838. 
Li, L., Yang, Y., Shu, Y. & Li, J. 2010. Continuum theory and phase-field simulation 
of magnetoelectric effects in multiferroic bismuth ferrite. Journal of the 
Mechanics and Physics of Solids, 58, 1613-1627. 
Li, M., Ning, M., Ma, Y., Wu, Q. & Ong, C. 2007. Room temperature ferroelectric, 
ferromagnetic and magnetoelectric properties of Ba-doped BiFeO3 thin films. 
Journal of Physics D: Applied Physics, 40, 1603. 
Li, S., Zhang, J., Kibria, M. G., Mi, Z., Chaker, M., Ma, D., Nechache, R. & Rosei, F. 
2013. Remarkably enhanced photocatalytic activity of laser ablated Au 
nanoparticle decorated BiFeO 3 nanowires under visible-light. Chemical 
Communications, 49, 5856-5858. 
Li, Z.-J., Hou, Z.-L., Song, W.-L., Liu, X.-D., Wang, D.-W., Tang, J. & Shao, X.-H. 
2016. Mg-substitution for promoting magnetic and ferroelectric properties of 
BiFeO3 multiferroic nanoparticles. Materials Letters, 175, 207-211. 
Li, Z., Dixon, S., Cawley, P., Jarvis, R., Nagy, P. B. & Cabeza, S. 2017. Experimental 
studies of the magneto-mechanical memory (MMM) technique using 
permanently installed magnetic sensor arrays. NDT & E International, 92, 136-
148. 
Lin, Y. Q. & Chen, X. M. 2011. Dielectric, Ferromagnetic Characteristics, and Room-
Temperature Magnetodielectric Effects in Double Perovskite La2CoMnO6 
Ceramics. Journal of the American Ceramic Society, 94, 782-787. 
Liu, H., Joo, J. B., Dahl, M., Fu, L., Zeng, Z. & Yin, Y. 2015a. Crystallinity control of 
TiO 2 hollow shells through resin-protected calcination for enhanced 
photocatalytic activity. Energy & Environmental Science, 8, 286-296. 
Liu, K., Cai, W., Fu, C., Lei, K., Xiang, L. & Gong, X. 2014. Preparation and electric 
properties of BiFeO3 film by electrophoretic deposition. Journal of Alloys and 
Compounds, 605, 21-28. 
95 
 
Liu, M. & Sun, N. X. 2014. Voltage control of magnetism in multiferroic 
heterostructures. Philosophical Transactions of the Royal Society of London A: 
Mathematical, Physical and Engineering Sciences, 372, 20120439. 
Liu, Y., Wang, Y., Zhang, J., Gao, M., Zhang, Y., Wei, M. & Yang, J. 2015b. Effect 
of Ho substitution on structure and magnetic property of BiFeO 3 prepared by 
sol–gel method. Materials Science in Semiconductor Processing, 40, 787-795. 
Luo, W., Zhang, S., Wang, D., Ma, Y., Wang, F. & Watanabe, K. 2012. Effect of 
magnetic annealing on magnetization of BiFeO3 ceramics. Journal of 
Magnetism and Magnetic Materials, 324, 2458-2462. 
Luo, X., Zeng, J., Liu, S. & Zhang, L. 2015. An effective and recyclable adsorbent for 
the removal of heavy metal ions from aqueous system: magnetic 
chitosan/cellulose microspheres. Bioresource technology, 194, 403-406. 
Manikandan, A., Kennedy, L. J., Bououdina, M. & Vijaya, J. J. 2014. Synthesis, 
optical and magnetic properties of pure and Co-doped ZnFe2O4 nanoparticles 
by microwave combustion method. Journal of Magnetism and Magnetic 
Materials, 349, 249-258. 
Mao, W., Chen, W., Wang, X., Zhu, Y., Ma, Y., Xue, H., Chu, L., Yang, J. & Huang, 
W. 2016. Influence of Eu and Sr co-substitution on multiferroic properties of 
BiFeO3. Ceramics International, 42, 12838-12842. 
Mažeika, K., Mikalauskaitė, A. & Jagminas, A. 2015. Influence of interactions to the 
properties of ultrasmall CoFe2O4 nanoparticles estimated by Mössbauer study. 
Journal of Magnetism and Magnetic Materials, 389, 21-26. 
Miranda, E. a. C., Carvajal, J. F. M. & Baena, O. J. R. 2015. Effect of the Fuels 
Glycine, Urea and Citric Acid on Synthesis of the Ceramic Pigment ZnCr2O4 
by Solution Combustion. Materials Research, 18, 1038-1043. 
Mishra, M. K. & Mahaling, R. 2017. Mg doping in BiFeO3: An advantage over pure 
BiFeO3 having enhanced ferroelectric and optical properties for opto-
electronic device applications. Ferroelectrics, 520, 184-195. 
Mocherla, P. S., Sahana, M., Gopalan, R., Rao, M. R., Nanda, B. & Sudakar, C. 2017. 
Microstrain engineered magnetic properties in Bi1− x Ca x Fe1− y Ti y O3− δ 
nanoparticles: deviation from Néel’s 1/d size-dependent magnetization 
behaviour. Materials Research Express, 4, 106106. 
96 
 
Mukherjee, A., Basu, S., Green, L., Thanh, N. & Pal, M. 2015. Enhanced multiferroic 
properties of Y and Mn codoped multiferroic BiFeO3 nanoparticles. Journal 
of materials science, 50, 1891-1900. 
Muthukumaran, S. & Gopalakrishnan, R. 2012. Structural, FTIR and 
photoluminescence studies of Cu doped ZnO nanopowders by co-precipitation 
method. Optical Materials, 34, 1946-1953. 
Narayanan, G. N., Ganesh, R. S. & Karthigeyan, A. 2016. Effect of annealing 
temperature on structural, optical and electrical properties of hydrothermal 
assisted zinc oxide nanorods. Thin Solid Films, 598, 39-45. 
Nisticò, R. 2017. Magnetic materials and water treatments for a sustainable future. 
Research on Chemical Intermediates, 43, 6911-6949. 
Ohadi, H., Dreismann, A., Rubo, Y., Pinsker, F., Redondo, Y. D. V.-I., Tsintzos, S., 
Hatzopoulos, Z., Savvidis, P. & Baumberg, J. J. 2015. Spontaneous spin 
bifurcations and ferromagnetic phase transitions in a spinor exciton-polariton 
condensate. Physical Review X, 5, 031002. 
Pandey, R., Panda, C., Kumar, P. & Kar, M. 2018. Phase diagram of Sm and Mn co-
doped bismuth ferrite based on crystal structure and magnetic properties. 
Journal of Sol-Gel Science and Technology, 85, 166-177. 
Pavlovic, N., D’haen, J., Modarresi, H., Riskin, A., De Dobbelaere, C., Van Bael, M. 
J., Temst, K., Hardy, A. & Van Bael, M. K. 2015. BiFeO3 thin films via 
aqueous solution deposition: a study of phase formation and stabilization. 
Journal of Materials Science, 50, 4463-4476. 
Ponzoni, C., Rosa, R., Cannio, M., Buscaglia, V., Finocchio, E., Nanni, P. & Leonelli, 
C. 2013. Optimization of BFO microwave-hydrothermal synthesis: Influence 
of process parameters. Journal of Alloys and Compounds, 558, 150-159. 
Pratt, D. K., Lynn, J. W., Mais, J., Chmaissem, O., Brown, D. E., Kolesnik, S. & 
Dabrowski, B. 2014. Neutron scattering studies of the ferroelectric distortion 
and spin dynamics in the type-1 multiferroic perovskite Sr 0.56 Ba 0.44 MnO 
3. Physical Review B, 90, 140401. 
Raghavan, C., Kim, J. & Kim, S. 2013. Structural and ferroelectric properties of 
chemical solution deposited (Nd, Cu) co-doped BiFeO3 thin film. Ceramics 
International, 39, 3563-3568. 
Rahaman, M. D., Mia, M. D., Khan, M. & Hossain, A. A. 2016. Study the effect of 
sintering temperature on structural, microstructural and electromagnetic 
97 
 
properties of 10% Ca-doped Mn0. 6Zn0. 4Fe2O4. Journal of Magnetism and 
Magnetic Materials, 404, 238-249. 
Rajput, S., Pittman Jr, C. U. & Mohan, D. 2016. Magnetic magnetite (Fe3O4) 
nanoparticle synthesis and applications for lead (Pb2+) and chromium (Cr6+) 
removal from water. Journal of colloid and interface science, 468, 334-346. 
Ramirez, F., Espinosa, E., Pedroza, L. S. & Souza, J. 2016. Humidity sensing effect in 
Bi25FeO39 sillenite-like compound. Journal of materials science, 51, 10982-
10989. 
Riaz, S., Shah, S., Akbar, A., Kayani, Z. N. & Naseem, S. 2014. Effect of Bi/Fe Ratio 
on the Structural and Magnetic Properties of BiFeO 3 Thin Films by Sol-Gel. 
IEEE Transactions on Magnetics, 50, 1-4. 
Rivera-Beltran, R. 2015. Bismuth ferrite based thin films, nanofibers, and field effect 
transistor devices, Rutgers The State University of New Jersey-New 
Brunswick. 
Safi, R., Ghasemi, A., Shoja-Razavi, R., Ghasemi, E. & Sodaee, T. 2016. Rietveld 
structure refinement, cations distribution and magnetic features of CoFe2O4 
nanoparticles synthesized by co-precipitation, hydrothermal, and combustion 
methods. Ceramics International, 42, 6375-6382. 
Sakar, M., Balakumar, S., Saravanan, P. & Jaisankar, S. 2013. Annealing temperature 
mediated physical properties of bismuth ferrite (BiFeO3) nanostructures 
synthesized by a novel wet chemical method. Materials Research Bulletin, 48, 
2878-2885. 
Sakar, M., Balakumar, S., Saravanan, P. & Jaisankar, S. N. 2016. Electric field induced 
formation of one-dimensional bismuth ferrite (BiFeO3) nanostructures in 
electrospinning process. Materials & Design, 94, 487-495. 
Salak, A., Khalyavin, D., Pushkarev, A., Radyush, Y. V., Olekhnovich, N., Shilin, A. 
& Rubanik, V. 2017. Phase formation in the (1-y) BiFeO3-yBiScO3 system 
under ambient and high pressure. Journal of Solid State Chemistry, 247, 90-
96. 
Sando, D., Agbelele, A., Rahmedov, D., Liu, J., Rovillain, P., Toulouse, C., Infante, 
I., Pyatakov, A., Fusil, S. & Jacquet, E. 2013. Crafting the magnonic and 




Sarkar, K., Mukherjee, S. & Mukherjee, S. 2015. Structural, electrical and magnetic 
behaviour of undoped and nickel doped nanocrystalline bismuth ferrite by 
solution combustion route. Processing and Application of Ceramics, 9, 53-60. 
Sarkar, K., Mukherjee, S., Mukherjee, S. & Mitra, M. 2014. Synthesis, 
Characterization and Studies on Optical, Dielectric and Magnetic Properties of 
undoped and Cobalt doped Nanocrystalline Bismuth Ferrite. Journal of The 
Institution of Engineers (India): Series D, 95, 135-143. 
Sati, P. C., Kumar, M. & Chhoker, S. 2015a. Low temperature ferromagnetic ordering 
and dielectric properties of Bi1-xDyxFeO3 ceramics. Ceramics International, 
41, 3227-3236. 
Sati, P. C., Kumar, M., Chhoker, S. & Jewariya, M. 2015b. Influence of Eu substitution 
on structural, magnetic, optical and dielectric properties of BiFeO3 
multiferroic ceramics. Ceramics International, 41, 2389-2398. 
Saxena, P., Kumar, A., Sharma, P. & Varshney, D. 2016. Improved dielectric and 
ferroelectric properties of dual-site substituted rhombohedral structured 
BiFeO3 multiferroics. Journal of Alloys and Compounds, 682, 418-423. 
Schmidt, W. L. 2014. Synthesis and investigation of layered oxides with honeycomb 
ordering. 
Schwung, S., Heerdt, K., Vogel, C., Rytz, D. & Jüstel, T. 2014. On the Synthesis of 
Onion-Shell Type Multiferroic Nanocrystals. Nanofair, Dresden, Germany. 
Sharif, M. K., Khan, M. A., Hussain, A., Iqbal, F., Shakir, I., Murtaza, G., Akhtar, M. 
N., Ahmad, M. & Warsi, M. F. 2016. Synthesis and characterization of Zr and 
Mg doped BiFeO3 nanocrystalline multiferroics via micro emulsion route. 
Journal of Alloys and Compounds, 667, 329-340. 
Sharma, P. & Verma, V. 2015. Structural, magnetic and electrical properties of La and 
Mn co-substituted BFO samples prepared by the sol–gel technique. Journal of 
Magnetism and Magnetic Materials, 374, 18-21. 
Shenderova, O. & Nunn, N. 2017. Production and purification of nanodiamonds. 
Nanodiamonds. Elsevier. 
Shimizu, K., Hojo, H., Ikuhara, Y. & Azuma, M. 2016. Enhanced Piezoelectric 
Response due to Polarization Rotation in Cobalt-Substituted BiFeO3 Epitaxial 
Thin Films. Advanced Materials, 28, 8639-8644. 
Shisode, M. V., Bhoyar, D. N., Khirade, P. P. & Jadhav, K. 2017. Structural, 
Microstructural, Magnetic, and Ferroelectric Properties of Ba 2+-Doped 
99 
 
BiFeO 3 Nanocrystalline Multifferroic Material. Journal of Superconductivity 
and Novel Magnetism, 1-9. 
Shoushtari, M. Z., Emami, A. & Ghahfarokhi, S. E. M. 2016. Effect of bismuth doping 
on the structural and magnetic properties of zinc-ferrite nanoparticles prepared 
by a microwave combustion method. Journal of Magnetism and Magnetic 
Materials, 419, 572-579. 
Spaldin, N. A., Cheong, S.-W. & Ramesh, R. 2010. Multiferroics: Past, present, and 
future. Phys. Today, 63, 38-43. 
Sun, A., Chen, H., Song, C., Jiang, F., Wang, X. & Fu, Y. 2013. Magnetic Bi 25 FeO 
40-graphene catalyst and its high visible-light photocatalytic performance. 
RSC Advances, 3, 4332-4340. 
Suresh, P., Laxmi, K. V. & Kumar, P. A. 2018. Enhanced room temperature 
multiferroic characteristics in hexagonal LuFe1− xNixO3 (x= 0− 0.3) 
nanoparticles. Journal of Magnetism and Magnetic Materials, 448, 117-122. 
Tan, T., Xie, W., Zhu, G., Shan, J., Xu, P., Li, L. & Wang, J. 2015. Fabrication and 
photocatalysis of BiFeO 3 with inverse opal structure. Journal of Porous 
Materials, 22, 659-663. 
Tokura, Y. & Seki, S. 2010. Multiferroics with spiral spin orders. Advanced materials, 
22, 1554-1565. 
Troyanchuk, I., Bushinsky, M., Karpinsky, D., Sikolenko, V., Chobot, A., Tereshko, 
N., Mantytskaya, O. & Schorr, S. 2017. Magnetic phase transformations and 
magnetotransport phenomena in La0. 7Sr0. 3Mn1–xCoxO3 perovskite 
compounds. Journal of Experimental and Theoretical Physics, 125, 290-297. 
Truffault, L., Ta, M.-T., Devers, T., Konstantinov, K., Harel, V., Simmonard, C., 
Andreazza, C., Nevirkovets, I. P., Pineau, A. & Veron, O. 2010. Application 
of nanostructured Ca doped CeO2 for ultraviolet filtration. Materials Research 
Bulletin, 45, 527-535. 
Upasani, M. 2016. Synthesis of Y 3 Al 5 O 12: Eu and Y 3 Al 5 O 12: Eu, Si phosphors 
by combustion method: Comparative investigations on the structural and 
spectral properties. Journal of Advanced Ceramics, 5, 344-355. 
Usama, H. M., Sharif, A., Zubair, M., Gafur, M. & Hoque, S. M. 2016. Structural 
transition and its effect in La, Zr co-substituted mono-domain BiFeO3. Journal 
of Applied Physics, 120, 214106. 
100 
 
Wang, D., Wang, M., Liu, F., Cui, Y., Zhao, Q., Sun, H., Jin, H. & Cao, M. 2015a. 
Sol–gel synthesis of Nd-doped BiFeO3 multiferroic and its characterization. 
Ceramics International, 41, 8768-8772. 
Wang, L., Wang, Z.-H., He, S., Li, X., Lin, P., Sun, J. & Shen, B. 2012a. Enhanced 
magnetization and suppressed current leakage in BiFeO3 ceramics prepared by 
spark plasma sintering of sol–gel derived nanoparticles. Physica B: Condensed 
Matter, 407, 1196-1202. 
Wang, P., Pu, Y. & Dong, Z. Effects of different microwave calcination temperatures 
on the pure BiFeO 3 ceramics prepared by microwave hydrothermal method.  
Applications of Ferroelectric, International Symposium on Integrated 
Functionalities and Piezoelectric Force Microscopy Workshop 
(ISAF/ISIF/PFM), 2015 Joint IEEE International Symposium on the, 2015b. 
IEEE, 132-135. 
Wang, X., Zhang, Y. G. & Wu, Z. 2010. Magnetic and optical properties of 
multiferroic bismuth ferrite nanoparticles by tartaric acid-assisted sol–gel 
strategy. Materials Letters, 64, 486-488. 
Wang, Y.-J., Zhao, N., Fang, B., Li, H., Bi, X. T. & Wang, H. 2015c. Carbon-
supported Pt-based alloy electrocatalysts for the oxygen reduction reaction in 
polymer electrolyte membrane fuel cells: particle size, shape, and composition 
manipulation and their impact to activity. Chemical reviews, 115, 3433-3467. 
Wang, Y., Shang, S., Liu, Z.-K. & Chen, L.-Q. 2012b. Mixed-space approach for 
calculation of vibration-induced dipole-dipole interactions. Physical Review B, 
85, 224303. 
Wefring, E., Einarsrud, M.-A. & Grande, T. 2015. Electrical conductivity and 
thermopower of (1− x) BiFeO 3–x Bi 0.5 K 0.5 TiO 3 (x= 0.1, 0.2) ceramics 
near the ferroelectric to paraelectric phase transition. Physical Chemistry 
Chemical Physics, 17, 9420-9428. 
Wei, J., Xue, D. & Xu, Y. 2008. Photoabsorption characterization and magnetic 
property of multiferroic BiFeO3 nanotubes synthesized by a facile sol–gel 
template process. Scripta Materialia, 58, 45-48. 
Wen, F., Wang, N. & Zhang, F. 2010. Enhanced microwave absorption properties in 
BiFeO3 ceramics prepared by high-pressure synthesis. Solid State 
Communications, 150, 1888-1891. 
West, A. R. 2014. Solid state chemistry and its applications, John Wiley & Sons. 
101 
 
Wu, J., Wang, J., Xiao, D. & Zhu, J. 2011a. Ferroelectric behavior in bismuth ferrite 
thin films of different thickness. ACS applied materials & interfaces, 3, 3261-
3263. 
Wu, L., Dholabhai, P. P., Uberuaga, B. P. & Castro, R. H. 2017. Temperature 
Dependence Discontinuity in the Stability of Manganese-Doped Ceria 
Nanocrystals. Crystal Growth & Design, 17, 446-453. 
Wu, N., He, X., Wysocki, A. L., Lanke, U., Komesu, T., Belashchenko, K. D., Binek, 
C. & Dowben, P. A. 2011b. Imaging and control of surface magnetization 
domains in a magnetoelectric antiferromagnet. Physical review letters, 106, 
087202. 
Wu, S., Cybart, S. A., Yi, D., Parker, J. M., Ramesh, R. & Dynes, R. 2013. Full electric 
control of exchange bias. Physical review letters, 110, 067202. 
Wu, S., Cybart, S. A., Yu, P., Rossell, M., Zhang, J., Ramesh, R. & Dynes, R. 2010. 
Reversible electric control of exchange bias in a multiferroic field-effect 
device. Nature materials, 9, 756. 
Wu, S., Miao, J., Wu, Y., Xu, X. & Jiang, Y. Electric-field-controlled magnetization 
reversal in a NiFe/BiFeO 3/SrRuO 3/SrTiO 3 (111) multiferroic 
heterostructure.  Magnetics Conference (INTERMAG), 2015 IEEE, 2015a. 
IEEE, 1-1. 
Wu, X., Fu, Q., Kumar, D., Ho, J. W. C., Kanhere, P., Zhou, H. & Chen, Z. 2016. 
Mechanically robust superhydrophobic and superoleophobic coatings derived 
by sol–gel method. Materials & Design, 89, 1302-1309. 
Wu, X., Wu, W., Qin, L., Wang, K., Ou, S., Zhou, K. & Fan, Y. 2015b. Structure and 
magnetic properties evolution of nickel–zinc ferrite with lanthanum 
substitution. Journal of Magnetism and Magnetic Materials, 379, 232-238. 
Xing, W., Ma, Y., Ma, Z., Bai, Y., Chen, J. & Zhao, S. 2014. Improved ferroelectric 
and leakage current properties of Er-doped BiFeO3 thin films derived from 
structural transformation. Smart Materials and Structures, 23, 085030. 
Xiong, P., Romero, F. D., Hosaka, Y., Guo, H., Saito, T., Chen, W.-T., Chuang, Y.-
C., Sheu, H.-S., Mcnally, G. & Attfield, J. P. 2017. Charge Disproportionation 
in Sr0. 5Bi0. 5FeO3 Containing Unusually High Valence Fe3. 5+. Inorganic 
chemistry. 
Xu, J., Xie, D., Teng, C., Zhang, X., Zhang, C., Sun, Y., Ren, T.-L., Zeng, M., Gao, 
X. & Zhao, Y. 2015a. Enhancement in magnetic properties of magnesium 
102 
 
substituted bismuth ferrite nanoparticles. Journal of Applied Physics, 117, 
224101. 
Xu, X., Liu, W., Zhang, H., Guo, M., Wu, P., Wang, S., Gao, J. & Rao, G. 2015b. The 
abnormal electrical and optical properties in Na and Ni codoped BiFeO3 
nanoparticles. Journal of Applied Physics, 117, 174106. 
Yan, C., Chen, G., Zhou, X., Sun, J. & Lv, C. 2016. Template-Based Engineering of 
Carbon-Doped Co3O4 Hollow Nanofibers as Anode Materials for Lithium-Ion 
Batteries. Advanced Functional Materials, 26, 1428-1436. 
Yang, S., Seidel, J., Byrnes, S., Shafer, P., Yang, C.-H., Rossell, M., Yu, P., Chu, Y.-
H., Scott, J. & Ager Iii, J. 2010. Above-bandgap voltages from ferroelectric 
photovoltaic devices. Nature nanotechnology, 5, 143. 
Yao, Q., Shen, Y., Yang, P., Zhou, H., Rao, G., Wang, Z. & Deng, J. 2016. Structure, 
phase diagram and magnetic properties of Bi1− xLaxFeO3 solid solution. 
Ceramics International, 42, 6100-6106. 
Ye, H.-Y., Zhou, Q., Niu, X., Liao, W.-Q., Fu, D.-W., Zhang, Y., You, Y.-M., Wang, 
J., Chen, Z.-N. & Xiong, R.-G. 2015. High-temperature ferroelectricity and 
photoluminescence in a hybrid organic–inorganic compound:(3-Pyrrolinium) 
MnCl3. Journal of the American Chemical Society, 137, 13148-13154. 
Yoshimi, K., Seo, H., Ishibashi, S. & Brown, S. E. 2012. Tuning the magnetic 
dimensionality by charge ordering in the molecular TMTTF salts. Physical 
review letters, 108, 096402. 
Yue, M., Li, Y., Liu, R., Liu, W., Guo, Z. & Li, W. 2015. Abnormal size-dependent 
coercivity in ternary Sm–Fe–N nanoparticles. Journal of Alloys and 
Compounds, 637, 297-300. 
Zaghrioui, M., Phuoc, V. T., Souza, R. & Gervais, M. 2008. Polarized reflectivity and 
lattice dynamics calculation of multiferroic YMnO 3. Physical Review B, 78, 
184305. 
Zhai, X., Deng, H., Zhou, W., Yang, P. & Chu, J. 2015. Strain-induced structural phase 
transition, ferromagnetic and optical properties of Bi1− x Tb x FeO3 thin films. 
Journal of Physics D: Applied Physics, 48, 385002. 
Zhang, L., Yang, Y., Ma, S., Luo, W., Liu, Y. & Zhu, K. 2012. Effect of magnetic 
annealing on phonon behaviors of nanocrystalline BiFeO3. Physica B: 
Condensed Matter, 407, 494-499. 
103 
 
Zhang, S., Wang, L., Gao, Z., Zhang, X., Wang, D. & Ma, Y. 2011. Ferromagnetism 
in sub-micron scale BiFeO3. Materials Letters, 65, 3309-3312. 
Zhang, S. & Zhao, D. 2017. Advances in Magnetic Materials: Processing, Properties, 
and Performance, CRC Press. 
Zhang, X., Dai, J. & Lai, C. 2005. Synthesis and characterization of highly ordered 
BiFeO3 multiferroic nanowire arrays. Progress in solid state chemistry, 33, 
147-151. 
Zhao, S. 2015. Advances in multiferroic nanomaterials assembled with clusters. 
Journal of Nanomaterials, 2015, 1. 
Zhao, Y., Yin, Z., Zhang, X., Fu, Z., Sun, B., Wang, J. & Wu, J. 2014. Heteroepitaxy 
of tetragonal BiFeO3 on hexagonal sapphire (0001). ACS applied materials & 
interfaces, 6, 2639-2646. 
Zhou, J.-P., Xiao, R.-J., Zhang, Y.-X., Shi, Z. & Zhu, G.-Q. 2015. Novel behaviors of 
single-crystalline BiFeO 3 nanorods hydrothermally synthesized under 
magnetic field. Journal of Materials Chemistry C, 3, 6924-6931. 
Zong, S., Wang, C., Long, Y., Fu, B., Shi, J., Han, J. & Zhao, Y. 2016. Solid solubility 
in 1: 13 phase of doping element for La (Fe, Si) 13 alloys. AIP Advances, 6, 
056223. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
